The use of a modified Cormack-Lehane scoring system (MCLS) of laryngoscopic views, as previously introduced in the Western population, was investigated during direct laryngoscopy in the Asian population. We studied the distribution of the different grades of MCLS, the predictive factors and rate of difficult laryngoscopy, and the association with difficult intubation. Six hundred and five patients requiring tracheal intubation during general anaesthesia were prospectively studied. The optimal views during direct laryngoscopy were scored using the 5-grade MCLS system. The distribution of the laryngoscopy scores was 73.9% Grade 1 (full view of the vocal cords), 21.0% Grade 2A (partial view of the vocal cords), 3.3% Grade 2B (only the arytenoids and epiglottis seen), 1.6% Grade 3 (only epiglottis visible) and 0.2% Grade 4 (neither the epiglottis nor glottis seen). External laryngeal pressure was necessary in 45.3% of cases to optimize laryngoscopic views. Grade 2B was associated with significantly higher incidence of difficult intubation compared with Grade 2A (65% vs 13.4%). The rates of difficult laryngoscopy and intubation were 5.1% and 6.9% respectively. The Mallampati classification and thyromental distance were associated with low predictive value for difficult laryngoscopy. The MCLS better delineates the difficulty experienced during laryngoscopy than the original Cormack-Lehane grading.
Cephalometric studies have shown that distinct differences exist between Asian and Western populations [1] [2] [3] . Butler reported that the Asian population has a higher incidence of retrognathia compared with the British population 4 . This may result in differences in the rates of difficult laryngoscopy and intubation in the different populations. In addition, comparing the incidences of ease of laryngoscopy and tracheal intubation is difficult because there is neither a standardized classification of glottic views nor an accepted definition of difficult laryngoscopy and intubation.
Level of difficulty in intubation has been shown to correspond to the proportion of the laryngeal inlet visualized. The widely accepted Cormack and Lehane scoring system 5 used to describe the view at direct laryngoscopy, has been criticized for its lack of sensitivity in providing information as to the difficulty of direct laryngoscopy. A modified Cormack-Lehane scoring system by Yentis and Lee has been presented 6 .
The aims of this prospective study were to ascertain the distribution of laryngoscopic grades using the modified Cormack-Lehane score (MCLS) and determine the incidences of difficult laryngoscopy and tracheal intubation in the Asian population. The clinical predictors of difficult laryngoscopy are also evaluated against this MCLS system.
METHODS
After institutional ethics committee approval, adult patients scheduled for elective surgery under general anaesthesia and requiring tracheal intubation were studied. Successive patients 16 years of age and above were recruited, excluding those in whom rapid sequence induction of anaesthesia was required.
Pre-anaesthetic airway assessment included measurement of the thyromental distance and the Mallampati test as modified by Samsoon and Young was performed 7 . The dentitions of the patients were inspected and the presence of abnormal dentition recorded. Abnormal dentition was defined as the presence of irregular dentition, missing upper incisors, prominent canines or protruding upper central incisors.
All the patients were anaesthetized using standard induction agents and muscle relaxants in recommended doses. The head and neck was placed in the "sniffing the morning air" position and adequate duration was allowed for complete relaxation to be achieved before laryngoscopy was attempted. Direct laryngoscopy was performed by one of the three investigators with a Macintosh #3 blade. The aim was to obtain the clearest view during laryngoscopy, using external laryngeal pressure (by a trained assistant) if necessary. The external laryngeal pressure applied was recorded as backward only or backward, upward rightward pressure (BURP). Each laryngoscopy was scored using the modified Cormack and Lehane system (MCLS) 6 . This 5-grade scoring system involves the subdivision of the original grade 2 into 2A (partial view of glottis visible) and 2B (only the arytenoids visible) ( Figure 1 ).
Difficult laryngoscopy was defined as the inability to visualize the vocal cords, which includes Grades 2B, 3 and 4.
All intubations were performed via the orotracheal route, using an appropriate size endotracheal tube without stylet. Intubation of the trachea was recorded as easy or difficult. A difficult intubation in this study is defined as requiring more than one intubation attempt or the use of intubation aids such as the gum elastic bougie and specialist blades.
Statistical Analysis
Intergroup differences were analyzed using the unpaired t-test for independent samples. Comparisons of categorical data were analyzed using the Chi-squared test. A P-value of less than 0.05 was taken as statistically significant. All statistical analyses were performed using SPSS for Windows (version 9.0).
RESULTS
Six hundred and five patients were recruited ( Table  1 ). The ethnic composition comprised 476 Chinese (79%), 68 Malay (11%), 45 Indian (7%) and 16 other races (3%).
The pre-anaesthesia measurements showed that 437 patients had Mallampati Class I (72.2%); 109 Class II (18%); 53 Class III (8.8%) and 6 Class IV (1%). In terms of the thyromental distance; 521 patients (86.1%) measured 6 cm or more and 84 (13.9%) measured less than 6 cm.
The distribution of laryngoscopic views using the MCLS in these 605 cases is shown in Table 2 . External laryngeal pressure was applied in 274 (45.3%) cases to obtain the best possible score.
The rate of difficult laryngoscopy was 5.1%. The contribution of each grade to the total difficult laryngoscopies was: Grade 2B, 20 (64.5%); Grade 3, 10 (32.3%) and Grade 4, 1 (3.2%). There is a significantly higher incidence of difficult laryngoscopy in the men compared to the women. Out of 266 men, 22 (8.3%) had difficult laryngoscopy versus 9 of 339 (2.7%) women (P<0.05).
Taking Mallampati class III or IV and a thyromental distance of less than 6 cm as predictors of difficult laryngoscopy 4 , the distribution of outcome of laryngoscopy is shown in Tables 3 and 4. The summary of the values for sensitivity, specificity and positive predictive value is shown in Table 5 .
Forty-two of the 605 patients (6.9%) proved a difficult intubation. The contribution of each grade to the total difficult intubations was: Grade 1, 3 (7.1%); Grade 2A, 17 (40.5%); Grade 2B, 13 score is shown in Table 2 . There was a statistically significant higher incidence of difficult intubation in the male population (11.3%) as compared to the female (3.8%) (P<0.05).
The influence of abnormal dentition on the outcome of tracheal intubation is shown in Table 6 . If the presence of abnormal dentition is used as a predictor of difficult intubation, the values for sensitivity, specificity and positive predictive value are 52%, 90% and 29% respectively.
DISCUSSION
There is currently keen interest in the classification of laryngoscopic views obtained during direct laryngoscopy 6, [8] [9] [10] . The four-grade Cormack-Lehane scoring system is widely used for describing appearances at direct laryngoscopy 11 . Several authors have suggested the modification of this Cormack-Lehane grading 6, 12, 13 . Yentis and Lee presented a modification that involves the subdivision of grade 2 of the original grading with no changes in the definition of the rest of the grades 6 . This minimal adjustment creates less confusion for users of the Cormack-Lehane scores and yet better delineates increasing difficulty in laryngoscopy and intubation.
We applied this modified Cormack-Lehane score (MCLS) in the Asian population. About threequarters of the population presented with grade 1 laryngoscopic views. The incidence of grade 2A and 2B made up 24.3% of the population which is lower than that in the Western population (30.5%) as reported by Yentis and Lee. The higher grades 3 and 4 were comparable in the Asian and Western populations (1.6% vs 1.2%, 0.2% vs 0% respectively) 6 . There was a grade 4 patient in our study group who showed signs of possible difficulty before the administration of anaesthesia. He had a thyromental distance of less than 6 cm and a Mallampati class 4. His trachea was intubated with the aid of a fibreoptic bronchoscope. The incidence of difficult intubation in the grade 2B is significantly higher than that in the grade 2A (65% vs 13.4%), even in experienced hands. Yentis and Lee reported a similar observation in the Western population (67.4% vs 4.3%) 6 .
Generally, difficult laryngoscopy is defined as the inability to visualize the vocal cords. With the original Cormack-Lehane scoring system, difficult laryngoscopy includes only grade 3 and 4 4,5,12 . The true incidence of difficult laryngoscopy is underestimated as it excludes a sub-group of the original grade 2 which is difficult to manage. The MCLS system allows refining the definition of difficult laryngoscopy as including grade 2B, 3 and 4. This makes the rate of difficult laryngoscopy in our study population to be 5.1%. In comparison, data from Yentis and Lee show an incidence of difficult laryngoscopy in the Western population of 7.7%.
Reports from various cephalometric studies have shown distinct differences between the Asian and Western populations. Liu et al showed that the Chinese population, when compared with Caucasian patients, had a higher incidence of severe underlying craniofacial skeletal discrepancies with significantly smaller maxillae and mandibles and more severe mandibular retrognathism 1 . The use of external laryngeal pressure has been shown to improve laryngoscopic views during direct laryngoscopy 13, 14 . In this study, 45.3% of the laryngoscopies done were optimized with the use of external laryngeal pressure. This is probably the main reason that the incidence of difficult laryngoscopy in the Asian population is still lower despite its apparent anatomical disadvantage. Typically, the trained anaesthetist would apply a backward-only external laryngeal pressure, followed by an upward and rightward pressure in addition (BURP) if necessary to obtain the clearest laryngeal view 13 . These manoeuvres of external laryngeal pressure converted nearly half of the study population from a higher grade to a lower grade. The incidence of difficult intubation was 6.9% in this population. Using a similar definition of difficult intubation, Yentis and Lee reported an incidence of 7.1% in the Western population 6 . The incidence reported in other studies of the Western population ranges from 0.05 to 3.6% 12, 15 . However, comparison is made difficult because of varying definitions of difficult intubation, method and optimization of laryngoscopies in those studies. Results from our study group show a statistically significant higher incidence of difficult intubation in males (11.3%) compared to females (3.8%). The reason for this is unclear, although this is also reflected in the higher rate of difficult laryngoscopy in men. Not all easy laryngoscopies were associated with easy tracheal intubation. Twenty out of 573 patients (3.5%) with easy laryngoscopy were difficult to intubate. Fifteen out of these 20 patients had missing upper incisors or prominent canine teeth, which hinder the ease of engaging the endotracheal tube into the glottis. The presence of "abnormal" or irregular dentition causing difficult intubation has previously been reported 12, 16 .
The Mallampati classification and thyromental distance proved to be unreliable in its detection of difficult laryngoscopy. Similar findings were shown when Butler and colleagues studied these predictors against the original Cormack-Lehane system 4 . Hence, the review of patient's previous anaesthetic records is undeniably a valuable guide to future airway management and tracheal intubation. The MCLS system not only provides more information on laryngoscopic views, it identifies a sub-group from the original Cormack-Lehane Grade 2 which is difficult to manage. Its recording is thus more useful as a warning of potential difficult intubation. However, relying on this grading system solely as a form of communication also has its disadvantage as factors which may hinder tracheal intubation, like the presence of "abnormal dentition", floppy epiglottis or other anatomical abnormalities are not included. Hence, it is prudent to also record the presence of these additional hindrances when a difficult intubation is encountered.
CONCLUSION
To facilitate future clinical communication and comparative research into the difficult airway, we support the use of the modified Cormack-Lehane scoring system. For it to be useful, familiarization and acceptance amongst anaesthetists are required.
